In order to clarify the relationships between five strains of rabbits and to identify the strains, principal component and discriminant analyses were carried out using 12 mandibular measurements of three inbred strains (JW-NIBSIY (JW/Y), NW-NIBS/Y (NWIY) and Dutch-NIBS/Y (DIY» and two outbred strains (JW-NIBS (JW) and NW-NIBS (NW» which were maintained at the Nippon Institute for Biological Science. The results obtained were as follows.
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(1) Principal component analysis revealed that in the males the mandible of JW was the largest but with considerable variation.
DIY
was the smallest of all strains examined. The mandibles of NW and NW IY were similar to the JW mandibles but had a shape which was shorter and higher. In the females the mandible of NW was the largest of all strains and, as in the males, DIY was the smallest and JW varied markedly.
(2) Discriminant analysis showed the probability of erroneous discrimination to be 14·8% (34/229) when the inbred and outbred strains were combined.
In both sexes erroneous discrimination mostly occurred between NW and NWIY, which have the same origin, and between JW and NW, which have a common ancestor.
However, when the inbreds and outbreds were identified separately by discriminant analysis, the probability of erroneous discrimination was low in both cases (4,5% (5/112) and 7·7% (9/117) respectively).
These results indicate that strain differences are found in the size and shape of rabbit mandibles and that mandible analysis is effective for strain identification of laboratory rabbits.
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Laboratory rabbits have been widely used for various tests of conditions such as pyrogen, dermal and eye irritation and teratogenesis. Almost all such rabbits, however, are domestic breeds used for their fur or meat and accordingly are not controlled genetically like laboratory mice and rats. Inbred strains of rabbits are very scarce (only about 20 strains) (Chai, Kremer & Fox, 1979; Festing, 1979) owing to their inbred depression shown by a decline in reproductive performance (Chai & Degenhardt, 1962; Chai, 1969; Chai, Kremer & Fox, 1979) , mortality (Chai, 1969 (Chai, , 1979 and an increase in skeletal malformations (Chai & Degenhardt, 1962; Chai, 1970 Chai, , 1979 . There are therefore few methods by which the genetic homo,geneity of a strain can be checked using genetically determined biochemical or immunological polymorphism, although these genes have been studied in laboratory rabbits (e.g. Geserick et al., 1980; Kunstmann & Mauff, 1980; Juneja, Van de Weghe & Gahne, 1981 , 1984 Abe et al., 1982; Usher et al., 1982) .
It has been reported that the mandible analysis proposed by Festing (1972a Festing ( ,b, 1984 can be applied to the strain identification of mice (Hedrich, Rapp & Zschege, 1975; Goto, Noguchi & Imamura, 1979; Komeda & Goto, 1984) and rats (Hedrich, Rapp & Zschege, 1975) . In the present investigation, an attempt was made to clarify the relationships between the strains and to identify the strains by applying multivariate analysis using rabbit mandibular measurements.
Materials and methods

Animals used
A total of 229 rabbits of which 127 were males and 102 were females was used. The rabbits were of three inbred strains (JW-NIBS/Y (JW/Y, FI9-21), NW-NIBS/Y (NW/Y, FI9-21) and Dutch-NIBS/Y (DIY, FI8)) and two outbred strains (JW-NIBS (JW) and NW-NIBS (NW)) which have been maintained at the Nippon Institute for Biological Science (NIBS, Tokyo 198) . The relationships between the five strains are shown in Fig. 1 . The animals used were aged from 6 months (30 rabbits) to 36 months (29 rabbits) but were mainly 9-24 months (170 rabbits).
All the rabbits had been raised in a room conditioned to a temperature of 20-25 0c. They were fed pelleted feed (NIBS) and were allowed to have food and water ad libitum.
Collection and measurement of mandibles
Each rabbit was anaesthetized with ether and 189 decapitated immediately. The corpse was kept at -20°C and treated by autoclaving (121°C, 5 min) and skinning and removing the muscle. It was soaked in 0·5% papain solution (38°C, 12 h), washed (10 min) and dried (40°C, 3 h).
Measurements were made at 12 sites (Xt-Xd on the right-hand half of the mandible, as shown in Fig. 2 . These sites had been selected to clarify the shape of the bone quantitatively. The mandibles were measured at a magnification of 5 x using a universal projector V -12 (Nippon Kogaku, Marunouchi, Chiyoda-ku, Tokyo 100).
Calculation
The data obtained were analysed by the principal component and discriminant methods using the ACOS 850-20 computer installed at the Computing Centre for Research in Agriculture, Forestry and Fisheries (Tsukuba-gun, ibaraki-ken 305). The first method is for extracting a few uncorrelated synthetic characteristics (principal components) from the correlated multivariate data in multigroups. The relation between the groups can be clarified by this means. The second method has been described in a previous paper (Goto, Japanese White (1:1)(Breeding colony)
Nippon Institute for Biological Science ---- Noguchi & Imamura, 1979). No correction was made for overall size as this is an inherited character which is useful in discriminating between strains. However, were the techniques described here to be used for genetic quality control, it would be necessary to restrict investigations to rabbits over about 6 months of age, as used in this study. Table 1 shows the means of 12 mandibular measurements (variables X1-X12) for five strains of rabbit. It can be seen that all the mandibular measurements of the DIY strain were much smaller than those of the other strains in both sexes, but no definite relations were found between the other strains. To compare the mandibular size and shape in each strain, principal component analysis from the variance-covariance matrix was applied to the Goto, Watanabe, Umezawa, Yazawa & Kuramasu mandibular measurements. Table 2 shows the eigenvectors of 12 variables classified by the first (PCl) and second (PCZ) components. In PCl all the eigenvectors were positive and they were particularly large for X 3 and X 4 (mandibular height) and for XHrX12 (length). Thus PCl is acceptable as a size factor. It accounted for 75-4% of the total variation. In PC2, however, five (Xl> XrX6) out of 12 eigenvectors associated with the height measurements showed negative values. Xs and X 6 , which represent the height of the ramus, showed particularly large negative values, whereas five values (Xs-X12) associated with the measurements of the mandibular length showed positive values. This means that PC2 (which accounted for 15·4% of the variation) represents the ratio of the height of the mandible to its length, i.e. the shape factor. In this interpretation a strain such as JW, located in the upper right of the chart constructed for PCl and PC2, indicates a large-sized and long type (Fig. 3) . The mandible of this strain, however, varied markedly as shown by the standard deviation. In contrast, DIY is located on the upper left side of the chart, which indicates that the mandible was small and long. As NW and NW/Y showed the same values as JW for PCl but negative values for PC2, it was determined that the mandibles of the two strains were nearly the same size but those of NW and NW/Y were short and high compared 
Results
Principal component analysis
"Numerals in parentheses indicate the contribution ratio of the variation indicated by the component.
with those of JW. The mandibles of NW and NW/Y were almost the same in size and shape. JWIY was between the DIY and NW groups. Among the female mandibles, NW was the largest of the strains. With this exception, the trends that DIY was the smallest and JW varied markedly were similar to those in the males.
Discriminant analysis
The results of principal component analysis 191 revealed differences in the size and shape of the mandible between strains. This finding was applied in an attempt to identify the strain by using discriminant analysis of the mandibular measurements. Table 3 presents the results of the identification -of rabbits of five strains, three inbred (JWIY, NWIY and DIY) and two outbred (JW and NW). The probability of erroneous discrimination was 14·8% (34/229). As three rabbits misclassified between JW and JW IY and 11 rabbits misclassified between NW and NW/Y, which were established from common ancestors, were included in the calculation of erroneous discrimination, discriminant analysis was again applied to the data from the three inbreds and the two outbreds separately. As shown in Table 4 , the probability of erroneous discrimination was 4·5% (5/112) for the inbreds. DIY was identified at a rate of 100% in both sexes. Thus almost all the inbreds were identified correctly. For the outbreds, nine rabbits were erroneously identified in total (Table 5 ). Therefore the rate of misclassification was 7·7% (9/117).
Discussion
In general, PC1 is acceptable as a size factor and PC2 as a shape factor in morphometric application of principal component analysis (Hayashi et at., 1981 (Hayashi et at., , 1984 Otsuka, Namikawa & Nozawa, 1984; Nishida et at., 1985) . The same result was obtained in this investigation. Therefore this interpretation was used to investigate the relationships between five 
strains of rabbits on the plane determined by PC1 and PC2 (Fig. 3) . Although different results were obtained by sex, strain differences were observed in the size and shape of the rabbit mandible and the strains were identified at fairly high probability by using discriminant analysis. As shown in Table 3 , however, there was considerable erroneous discrimination between NW and NW/Y and between JW and NW. Both the NW and the NW/Y strains originated from the same stock of New Zealand White rabbits introduced into the NIBS from the Jackson Laboratory in 1967 (Fig. 1) . In Fig. 3 , these two strains mapped closer to one another than to the other strains. This means that the mandibles of these strains resemble each other in their size and shape. This point caused 10 rabbits of NW to be misclassified as NWIY. These results can be explained further by the fact that the original stock of New Zealand White rabbits was partly inbred (coefficient of relationship 77%) as shown in Fig. 1 . Two strains, JW and JWIY, mapped separately from one another on the PC1-PC2 plane (Fig. 3) and only three rabbits were identified erroneously, even though these strains originated from the same stock of Japanese White rabbits. This means that the genotypes of the two strains are different from one another, as assessed by mandible analysis. This difference can be attributed to the genetic heterogeneity of the original stock of Japanese White rabbits, as discussed later, and to the fact that each strain has become fixed for a different genotype since separation.
As noted in Table 3 , however, considerable erroneous discrimination occurred between groups JW (JW and JW/Y) and NW (NW and NW/Y), each of which had different origins, and particularly between JW and NW (14 rabbits). It is known that the Japanese White rabbit, the origin of the JW group, originated as a crossbreed from several foreign breeds including the New Zealand White rabbit which was intro-duced into Japan about 100 years ago. The erroneous discrimination between JW and NW may be accounted for by the fact that these strains have a common ancestor, the New Zealand White rabbit. Comparison of the principal component chart for males (Fig. 3 ) and for females (omitted) showed that the relation between the strains was nearly the same in PC2. This means that the mandible shape has similarities between the sexes in each strain, although a sex difference was found in size for NW. It is difficult to explain why the mandible of NW is the largest of the strains in the females but not as large in the males.
As indicated in Tables 3-5, the probability of erroneous discrimination was high (14·8%) for the five strains considered together, but was low for the inbreds (4·5%) and the outbreds (7·7%) when these were separately identified by mandible analysis. Strain identification using biochemical or immunological marker genes is not such a common practice for rabbits as for mice owing to the scarcity of detectable genes. The results of this investigation suggest that mandible analysis is applicable not only to inbred strains of rabbits but also to outbred strains.
